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CSETAIil KECHAITICAL STEEITGIH PROPERTIES OE 
ALUIIIHUH ALLOYS 25S-~-T AITD X76S--T 
By Thomas J. Dolan 

SUMMARY 



Tests have "been made to determine certain mechanical 
strength properties of 25S--T aluminum alloy. Results are 
presented from static tests in tension and torsion, bend- 
ing fati{2;ue tests employing three different types of 
t est ing -machines , a.nd from impact tests of notched and 
unnotchcd specimens in tension as vrell as from Charpy im- 
pact tests made at several lov/ temperatures. Information 
is incliided on the effects produced "by repeated under- 
stressing and by anodizing, and a comparison is ma.de of 
the strength properties of 25S— T alloy with data previous- 
ly reported .for the X75S-T alloy. (See reference 1.) 

The results indicate that: 

(a) The fatigue strength or maximum .alternating 
stress that could he endured for a given number of cycles 
by notched specimens of these all oys - deer eas ed m^arkedly 
as the mean stress in the cycle was increased in tension. 

(b) The fatigue strength of notched 25S— T specimens 
was greater than that of the X75S— T specimens when' the 
mean str ess wari a t ens ile stress. 

(c) The fatigue strength of both alloys v/as greatly 
decreased by ihe presence of a notch in the specimens. 

(d) A large number of : cycles of under stress produced 
no great or consistent change in the fin.al fatigue strength 
of these tv/o alloys. 

(e) Anodizing produced a slight increase in fatigue 
strength of X76S— T alloy, but did not affect the endurance 
limit of the 25S-T alloy. 
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iraODUCTIOlI 



21ie principal stresses developed in a,n airplane pro- 
peller "bljide in service arise from tv/o causes, nai.iely: 

(a) A steady stress due to the cent r if Uj^cal loading 
developed when rotating 

(b) AltGrnatin£; stresses produced "by flexural vibra- 
tions of the blade 

For a typical aluminum blade these steady stresses may be 
as much as IP., 000 pounds per square inch and superimposed 
alternating stresses have been found as high as 20,000 
pounds, per square inch. 

She face side of the blade is frequently scratched 
or nicked in service, producing notches that a.ct as 
"stress raisers." These notches in t he pol ished surface 
are the points from v;hich fatigue failures of the blade 
may develop. Hence for desi-r^n purposes it is necessary 
to know what maximum alternating stresses may be super- 
imposed on either tensile or compressive mean stresses 
of various magnitudes without causing failure of the 
notched member. It is also very desirable to know what 
influence, the repetition of a large number of cycles of 
understress (stress below the endurance limit) v/ill have 
in ra.ising or lov/ering the endurance limit of the metal 
in a propeller blade. This information is of importance 
in determining whether the service stresses normally en- 
countered in flight would eventually damage the material, 
and in interpreting the results of laboratory tests of 
f^ill .sise blades in v/hich the vibratory s tr e s s s es ■ ar e in- 
creased by small increments after definite time intervals 
until failure occurs! 

The main purpose of the investigation herein reported 
v/as to determine the flerural fatigue strengths of notched 
specimens of an aluminum alloy, designated as 25S— T, when 
subjected to- six dif ferent " ranges of stress, and to com- 
pare, these values v/ith the f at igue . s tr engt hs of polished 
(unnotched) specimens without abrupt change in section. 
To give rather complete inform.ation on the mechanical 
properties of this m.etal which is commonly used for pro- 
peller blades, tests v/ere also made to obtain values of 
the static and impact properties. 
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A SG'Corxd ptirpose of the investigation 'was to de— _ 
terraine v/hether the endurance limit of the rnetal was 
appreciaoly affected "by a large num'oer of cycles, of under- 
stressing or "by anodizing 'the surface. The data contained 
in this report are the results of a continuation of- the' 
series of tests reported in reference 1 on X76S--T ^.lloy. 
The results, of further tests of the XVBS-T all-oy- are also 
given in this report. 

The tests reported herein were cond^^cted at the 
Engineering Experiment Station, University of Illinois., 
under the sponsorship of the ITational Advisory Committee 
f or . Aeronaut ics . The Hamilton Standard Propellers 
Division of the United Aircr^aft Corporcation cooi>er,ated 
in the investigation and provided machined specimens for 
a numher of these tests. 

Acknowledgment is made to Mr. 0. C V/orley, Mr. &. 
D. Chamhliss, and Hr . R . L. Brown, Jr. for the^ir- assist- 
ance in condii.cting the research. 

MAT-ERIAL AND METHODS 01 TESTING 



Typ es of t e st .— Three t3/-pes of test., were m.ade on 
25S— T aluminum alloy- to determine the ordinary mechanical 
properties of the material as v;ell as the ffitigue of 
strengths. These tests may "be outlined as follov/s: 

(1) Static tests v;ere m.ade of notched and unnotched 
tensile specimens a.nd of unnotched torsion specimens to 
determine the strength, stiffness and ductility of the 
metal. The term "unnotched" will he used throughout this 
report to designate specimens without an ahrupt change of 
section in the portion under test. 

(2) Impact tests were made of notched and unnotched 
tensile specimens, and of standard notched Charpy "bending 
impact specimens, at 'ordinary room temperatures and at lovr 
temperatures', to give some indication of the energy ah— 
sorhing capacity .and of- the relative notch sensitivity of 
the material under suddenly applied loa,ds. 
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(3)' Repeated load (fatigue) tests were nade in 
three types of t es t ing 'nach ine , namely: 

(a) Eigh— speed rotating cantilever earn fatigue 
nachines rising (sinall.) 0„ 40-inch diameter round specimens 

(0) i^rouse rotating cantilever "beam fatigue machines 
using specimens 0..26-inch in diameter • • 

( c). Krouse. f lat plate fatigue machines v/hich .su'b-- 
j e ct ed . r ect angular sp ecimens . t 0 a vii)ratory oending ac- 
tion v/ithout rotating the' test piece. 

Both notched and unnotched specimens were tested in the 
vibratory, "bending, and the Krouse cant il cv er~heam fatigue 
machines; v;hcreas the high-speed rotating "beam machines' 
have "been used only to det ermine' the endurance limits 
of. polished unnotched specimiens. 

liaier„iaj^a^d_fc e^^^ Kost of the tests h 'ere in 

reported vjere made on the aluminum alloy that is desig- 
nated and sold under the commercial code numoer 25S— T. 
The chemical composition of. this alloy was . as follows: 

P er cent 

■ ' Copper 4 . 28 

■ -Ir on . • .36 . • . 

'Manganese - • .77 

S il icon . 76 • 

■• ■• Al\iminum " Balance ' 

All specimens tested were from the same heat of 
metal that was hot roll-ed from a 12- hy 12— inch ingot, 
to round "bars 1 inch in diameter. The "bars were then 
given a solution and precipitation hardening heat treat- 
ment "by holding for 10 hours at 960^ ? c[uenching in cold 
water, and aging" for 10 hours at 340° F. 

Several additional tests on X76S— T alloy were also 
made to study the effects of anodizing and of repeated 
under stressing. The detailed chemical composition and 
heat treatment of the 276S-T alloy were as follows: 
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P erce nt 



Copp er 



0.6 



Zinc 



7.6 



Magnes iurn 



1.5 



Manganes e 



.5 



Titanium 



.1 



Ir on 



.5 



'Silicon 



.25 



Alum inuLi 



Balance 



All specimens tested v/ero-from the same heat of 
metal that was reduced, "by the latest m"ethods of process- 
ing, to "bars I 'inch square v/hich \7ere subsequently swaged 
in a pair of sv/aging dies to 1 inch diameter round. The 
"bars were then given a solution and pr ecip it a,t ion harden- 
ing heat treatment "by 'holding for 10 hours at 860^ F , 
quenching in v/ater, and aging for 12 hours at 275 P. 

The -details 01 the . sp ecim.ens used for the ordinary' 
st at ic't ensile tests to determine the physical properties 
of the Linnotched specimens are shown in figure la, and 
the type of notched, specimen used in the s t at i c , t ens il e 
test is shovm in figure Ih. Three specim.ens of each of 
these two types were tested in an Am sler Hydraulic 
Universal Tes t ing - Ilachine having a capacity of 50,000 
pounds. Additional tests were also made on tensile speci- 
mens having the same nominal diameter as that in figure 
la, hut having an ov-er-all length of ahout II2 inches so 
that an 8— inch gage length could "be employed. 

In figure 1 c is shovm the type of specimen used to 
determine the stat ic t or s ional properties, of the material. 
The tensile impact • sp ecimen shown in figure 2a v;as polished 
vfith ITo. 00 .emer gy paper and the diameter of the specimen 
near the center v/as reduced ahout 0.003 inch less than at 
the ends of the 2— inch gage lengths. 

The notched tensile impact specimen shovm in ligtire 
2 1: contained a notch machined v/ith a car ef ully • gr oimd tool 
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that v/as checked for accuracy of shape hy examining in a 
metallurgical microscope at lOOX, This notched impact 
specimen v/as geometrically similar to that of the notched 
static tensile specimen in figure Ih. The notched "bending 
specimen iised was the standard Charpy impact specimen of 
the dimensions shown in figure 2c. 

The types of specimen used in the r o t at ing-heam fa- 
tigue machines are shovm in figure 3 and those tested in 
the vihratory tending fatigue machines are shown in fig- 
ure 4. Those specimens v/ithcut ahrupt change of section 
(3a, 313, and 4a) were all polished longitudinally with No. 
00 emery paper and oil to remove tool marks and circum- 
ferential scratches hoforo testing. All of these speci- 
mens v;erc polished hy one man to assure uniformity in the 
polishing operations. The notched specimens (3c and 41)) 
were cut v/ith carefully ground tools to assure uniformity 
in depth, angle of the V— notch, and radius at the root of 
the notch, on all specimens tested. Throe faces of the 
notched specimen in figure 41) were polished longitudinally; 
the root of the notch, and the face containing the notch 
were. loft in the original machined condition. 

The nominal stress in all fatigue specimens was cal- 
culated "by using the ordinary flexure formula, s = Mc/l, 
in v;hich s is the flexural unit stress (ih/sq in.) M 
is the "bending moment at the critical test section 
(in,— lb), c is half the depth of the specimen (in.), 
and I is the moment of inertia of the net cr os s— s ect i onal 
area (in. ). I'or those specimens containing notches the 
values of stress given in this report are those at the 
root of the notch computed "by the ahove formula using the 
values of c and I for the minimum cr os s— s ect ional area^ 

The tests of r o t at ing— "beam fatigue specimens v/ere 
made in two Srouse, 120 inch— pound capacity, cantilever 
machines of the type shov;n in figure 5, which "v/ere operated 
at 6000 rpm. Also employed v;ere four small high— speed 
Cantilever heam machines of the type shovm in figure 6 
that were run at 10,000 rpm^ The vibratory bending fatigue 
tests v/ere made in six ICrouse ?lat Plate Patigue machines 
of the type shown iii figure 7, v/hich were run at 1750 rpm. 

RESULTS 01 TESTS 

at ic tests.— Lower portions of the tensile stress- 
strain curves for three unnot ched specimens of 25S— T alloy 
are shov/n in figure 8 and a typical complete stress— strain 
diagram for one of these is shown in figure 9. The results 
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01 these three static tensile tests on a 2~inch gage 
length and of three additional tests., on a 8— inch. gage 
length are tabulated in tahle I. The tensile tests were 
carried out in accordance v/ith A.S.T.M- Standard Methods 
for" Testing Lletallic Materials , designation E8-36. 

For purposes of comparison with the 25S— T alloy the 
average properties of X76S-T a.lloy as ohtained in the 
previously reported series of tests have "been added .to 
each of the tahles giving. the results of static or impact 
tests » It will he noted in ta.hle I that the 25S--T .alloy 
had lower static tensile strength's, .hut slightly higher 
ductility and mo'dulus of elasticity than the. X76S~T alloy. 

The Brinell hardness, using 500~kilogram and 10- 
millimeter hall of the 25S~T alloy ranged from 102. to 118 
in the various specimens tested ^nd averaged ahout 111. 
The S76S-T alloy had- a higher average hardness, 146 Brinell, 
than the other' precipitation_ hardening aluminum alloys. 

The greater portions of' the t ensile . s tr es s strain 
curves on not ched specimens are shov/n in figure- 10,. and 
the results of these three individual tests ar e- summar i z ed 
in^tahle II along with the corresponding values for X76S~T 
alloy. The relative ratios of strengths shown in this 
tahlV for each metal are of approximately the same magni- 
tudes except for the very high ratio of yield strength to 
ultimate strength exhihit ed hy . the ■X76S-T alloy. The in- 
■trodu.ction of a notch in the static tensile specimens of 
■X76S-T alloy also , caused a mu.ch' great.er proportionate loss 
in percent elongation than did. the same/notch in specimens 
» of 25S-T . 

Static torsion' test s were made of three solid speci- 
mens of the type shown in/figure l.c, "..The lower portions 
of the torque-twist curves for these test s are shown -in 
figure 11. A summary, of the. data ohtained from these^ 
three tests, along wi th . s im ilar dat a for.X7.6S-T alloy is 
shown in tahle III. Here. again the yield strength for 
X76S~T alloy was a much higher proportion of the ultimate 
strength, as represented hy modulus of rupture than for 
the 25S— T alloy,. However, hy, comparing tahles I and III 
it will he noted that .the modulus of rupture^of 25S--T in 
torsion was ' .a ^^r eat er proportion of its static tensile 
strength than was the. case for the X76S-T. 

Impac t test s The t ens ile impact tests were made 
in a standard 'Charpy mach ine having . a capacity of 223 
foot-pounds equipped with special auxiliary specimen 
grips containing spherical seats that were designed to 
minimize hending or eccentric loading on the specimen 
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during test. Tensile impact tests v/ere made "both' at 
room' temperature (+80" ) and at a low temperature - 
'(-40"' P) since it y/as felt that any change in' proper— •• 
ties^ of' the metal that v/ould "be induced Idv; teiiapera- 
tureS' v/buld he of importance. 

•Cooling of the specimen to the " lov/ • t emp er atur e v/as 
accomplished hy ' immer s ing the pendulum', ' t est specimen, 
and attached holders in a t)ath o'f acetone contained in a 
speciar insulated • "box. ' The entire hath was cooled by 
•adding dry -ice until the des ired t empfer atur e was- obtained 
and the' hath 'v/as then maintained at this temperature for 
at least f ive minutes hef orfe' test ing the specimen. ■ Previ- 
ous cal ihr at io-n t es t s in which readings were taken on 
several thermocouples 5.tt ached to- 'a specimen- indicated 
that this was a suff i cient- interval of time for these 
small specimens to reach a uniform temperature equal to 
"that of^ the hath. In performing the actual test of the 
specimen only ahout-4 seconds elapsed hetv/een the re- 
moval of the hox containing the coolant and the actual 
fraictiiring" of the- specimen;' hence 'it was felt that the 
temperature of the- specimen -did 'not change appr eciahly 
previous to- testing since it' was surrounded hy. relatively 
hea,vy mass-es of "metal cooled to the sam.e' t em.p er atur e .as 
the hath., ' ' = • ■ ' . ' • • ' 



The test data- 'Showing th.e energy r'equired to rupture 
each s-p'ecimen tested and the '.av'e.rage valvies ..ohtaine.d for 
each 'group o£ 'Specim^^ns^ are-'-sho^wn' in. tahle IV '.for the 
test5-at '+8 0^ F:, •and: iri' ' tahle .V for the: tests at.- -40^. V. 
ror.'purpos es of compar'i s.o'n one* may -regard the energy 're- 
quired to rupture the unnotched specimens ( calumn 3) as 
indicative of the impact strength, and the percentage of 
elongation and r educt ion of ar ea :( columns'- 6 and 9 ) as 
-mda-sures of the duct'il it y ' of the material under these 
conditions of testing. A ratio of the values obtained 
for notched specimens to those- f o.r . unnot ch ed specimens 
-■given •■•in • -columns^ " 5 ^ and 8 gives a rough measure .of the 
^notch sensitivity of the metal under '.rapid loading. 

■ ?or a rough comparison with the values of .-25S— T 
• allo'y •• 1 is t ed - in- t ahl es - ' IV ^ and . V th er e . is . in clu-ded a nev/ 
set' of data- far 'X765—T alloy •test ed ■ under the same con— 
di t ioiis , ' ("The ' pr evi ous ly". r epor t ed t ens il e impact tests 
of unnot ched specimen s of X76S^T alloy v/ere made, on 
specimens 0.25 inch diameter instead of 0.20 inch diame- 
ter, as 'ill the pi* es erit ■ t ds t -. ) '(-S-ee reference 1.) It 
^ajr he se.53i that--thQ ,25S—.T .alloy specimens required more 
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ener£,'7 to rupture tlian those of the X76S-T alloy. The 
ratio of energy a"bsor"becl "by the notched specimens to 
that for the unnotched specimens \\ras also greater for the 
25S— T alloy indicating that this metal was somev/hat less 
sensitive to the damaging effects of a notch than was the 
X7SS-T alloy. 

The average energy ahsorhed l3y all specimens of 
25S— T tested at +80^ F (see columns 3 and 4 of tahle IV ) 
was "below that for the specimens tested at -40 ?; how- 
ever, the X76S— T alloy showed no appreciable change in 
energy ahsorhing properties over this range of tempera- 
tures-. A comparison of the average values listed in 
tallies lY and V therefore leads to the conclusion that 
the 25S-T exhilDited practically the same d^ictility and 
notch sensitivity and slightly greater energy al^sorhing 
capacity in the tensile impact tests at -40^ ? as it did 
at room temperature. 

The results of a series of notched "bar Charpy ."bend- 
ing tests at temperatures ranging from +70° P to —70° 'F 
are shovm in tahle VI-. The Charpy specimens of 25S-T 
alloy exhibited practically the same energy absorbing 
capacity at -40° as at room temperature. Kov/ever, 
there was a jjronounced drop in energy absorption by the 
25S— T suocim.ons when the temperature v/as dropped to" 
-70^ j?/^ 

A comparative picture of the restilts of some of the 
above impact tests is shovrn in figure 12. Perhaps the 
most interesting feature shovm in table VI and figure 12 
is the fact that the 25S-T specimens absorbed from three 
to four times as much energy as the X76S—T alloy in the 
Charpy bending impact tests. Even though the X76S— T had 
a niuch greater tensile strength than 25S— T it therefore 
exhibited a m.uch lo.wer strength for a service condition 
in which a notched member v/ould be required to withstand 
a relatively rapid or impact loading. Figure 12 also in- 
dicates that all of the average tensile impact properties 
•of 25S-T' were slightly superior to those of X76S-T. 

Repeated load tes ts for completely re versed bendin ,g: . - 

The results of the r ct at ing-beam fatigue tests of unnotched 

specimens of 25S-T alloy are shown in th.e"S~lT curves of 

figures IS and 14. These f igur es • include data from two 

different tj'pes of testing machine operated at different 

speeds* Pigure 15 shov/s the results of tests of rectangular 



10 



KAOA Tc clinical iMoto ITo . 914 



spocincns of P.SS-T in the vibratory 'bending fatigue ma- 
chine, v/h i ch tests v/erc nade at the rate of"l750 cycles 
per • ninut e. The endurance linits of these, groups" of un- 
notched ;-;olished specinens have boon scaled as the ordi— 
nates to the S-II curves at 1-0 n ill ion, 100 y.iillion, and 
500 nillion conplotcly reversed cycles of stress and are 
listed in table VII. The endiirance limits for the vi- 
bratory bending tests have not been carried out to 500 
nlllien cycles of stress because of the excessive time 
reouired to run these machines to such 'a large number of 
cycles; about seven months time would be required to run 
one • apecim.en to 500 million cycles. 

A comparison of the endurance limits listed in table 
VII for 100 million cycles of stress indicates thv.t the 
differences in values obtained from the three types of 
testing machine-w6re not groat and that these differences 
are^ consist ont with the variations commonly obtained from 
fatigue test results. Test results of several investiga- 
tors have indicated that small " sp e c imens of a metal often 
exhibit a higher; endurance limit than that obtained from 
test:s of larger specimens-. Also several groups of tests 
of rectangular vibratory bending specimens of steels, 
examples of which are presented in reference 2, results- 
in slightly lower endurance limits, as compared with those 
obtained^ for round specimens tested as rotating beams. 
It will be observed that the endurance limit of 18,000 ' 
pounds per square inch for the rectangular specimen, 
based upon 100 million cycles of stress, was only 1000 to 
2500 pounds per. square inch below the values cbtkined from 
the rotating beam tests. 

In the previous report on X76S--T alloy it was found 
that the. rectangular type . specimen of this metal had an 
endurance limit of only IS , 500 • p ounds per square inch; 
wh eras- the endurance limit oi^. three tyr;es of round speci- 
men-varied from 22,000 to 24,000 pounds per sauare inch, 
ITo definite explanation for this great decr-ease in strength 
of the rectangular specimens of- X76S-T alloy has been 
found. . Three subsequent tests of X76S-T alloy were made 
with specimens that had the sharp projecting corners 
rounded; and polished to l/l6-inch. radius. One of those 
specimens tested at •22,-000 pounds' per. square inch ran over 
100 million cycles without fracture; whereas, the other two 
specimens tasted at 25,000. and 25,000 pounds tjQt square 
inch fo.lled at only about 300,000 cycles which was "slight- 
ly short of the normal S-IT curve for the rest of the 
rectangular specimens. This scatter of data, together with 



ITACA Technical Note ITo, 914 



11 



with that olDtained in the original tests of the recta"ngu— 
lar specimens of X76S-T, t ends to indicate that there may 
have oeen mechanical defects such as inclusions or. high 
-i*esidual stress present nepxr the surface of the original 
"bar. stock.- If such defects were present they v/ould have 
a tendency to decrease the fatigue strength of the (larger) 
rectangular specimens more than they would in the case of 
the small round specimens. 

In the lower portion of figure 13 is plotted the S— N 
curve for the rotating o.eam specimens of SSS—T with a V— 
notch. 3y scaling the ordinates at 100 million cycles of 
stress the values of the endurance limits v/ere obtained 
as 19 ,000 pounds per sq^uare inch for the unnotched speci- 
mens, and ahout 10,000 pounds per square inch for the 
notched specimens. By using the ratio of these two en- 
durance limits as a measure of the factor of stress con- 
centration k caused "by the notch, a valiie of .k = 1.9 
is found. However, if this calculation is "based on the 
endurance lim.it at 500 million cycles of stress a value 

1- Q 5 C 0 

of V = - — — - 1.65 is found. Those values indicate 
10,000 

that the "notch sensitivity" of the 25S-T alloy was small- 
er than that of X76S-T for v/hich alloy a value of 

V- = ^2_^G0 ^ 2.4:4: was ohtained at 100 million cycles of 
9,000 

stress binder the same conditions. 

In fij:r;ure 15 is shown the S-IT curve for the . r ect angu^ 
lar vihratory tending specimens of 25S~T with a V-no.tch 
tested under complet-ely reversed cycles of stress. Here 
again the apparent stress concentration factor at 100 

million cycles of stress was k = ' = 2.4. This 

. 7,500 

value is slightly higher than the value of k = 2.2 oh— 
tained under the sam.e conditions for the X76S— T alloy. 
However, in this latter case it is felt that the reason 
for the lower value of k for the X76S-T alloy was due 
primarily to the ahnormally lev; value of endurance limit 
that was obtained for the unnotched rectangular specimens. 
•In fact, the not ch ed rectangular specimens of 25S— T and ■ 
of. X76S— T had exa ctly the same endurance limit at 100 
million cycles of stress even though the static tensile 
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strength and rotating iDean endurance limits of polished 
specinens of S75S-T v/ere ^:TeatQr than those of the 25S~S 
alloy. Moreover, the not ch ed rotating heai.i specimens of 

had a slightly higher endurance linit (10,000 Ih/sq i 
than did those of the X75S~T alloy (9,000 Ih/sq in.). 

further fatigue tests v;ore nade of rotating iDeam 
specimens treated hy Hamilton Standard Propellers Company 
to vUudy the effects of anodizing the surface of these 
tv:o alloys. The results of these tests are shovrn in the 
S-xI curves of figures 14 and 16. It irill he ohserved that 
the 3-lT curve for the 253-T alloy v/as practically xmaf- 
fected hy anodizing; v/hereas the data for the anodizing 
X76S~S in figure 16 shov/ed consideraole scatter hut indi- 
cated a strengthening effect that raised the endurance 
limit ahou-t 3000 pounds per square inch to a value of 
25,000 pounds per square inch at 500 million cycles of 
stress. Hence, it may he concluded that the surface ef- 
fects produced oy anodizing did not lov/er the fatigue 
strength oelov; that of polished specimens, and may actu- 
ally prove henoficial for some types of allo^rs. 

Silects^_qf_ivaj]^ 
n-ol clio d_rc ctjii-x^^ specimens.- So study the effect of range of 
stress on the endurance limit of specimens with a V—notch, 
tests v/cre made in the vibratory honding machines v/ith 
specimens suhjectod to a mean or steady stress on vrhich 
was svcp or imposed a completely reversed alternating stress. 
Sis different endurance limits were determined correspond- 
ing to three different ranges in which the moan stress at 
jyLC_X^oi_^f_th^e__n^t v/as a tensile stress, two ranges in 
which the mean stress v/as compressive stress, and one range 
in vrhich tlie mean stress v/as zero (completely reversed 
stress cycle ) . 

The S— IT curves for stress cycles in v/hich the mean 
stress at the notch was a tensile stress are shov/n in 
figure 17, and the S—IT curve for the comipletely reversed 
stress, cycle is shov/n in the lower portion of figure 15. 
The endurance limits for these four stress cycles have 
been obtained by scaling the ordinates to the S— IT curves 
at 100 million cycles of stress and these values are 
shown in table VII I for 25S-T. 

iPor the tv/o ranges in v/hich the mean or steady stress 
at the notch v/as a compressive stress the specimens de- 
veloped cracks at the root of th e not ch but did not c om — 
pletely fracture even though subjected to a large number 
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of cvclCvS of superimposed alternating stress. Photo- 
graphs of some of these cracks shov/ing views looking down 
into tlie notch are presented in figure 18. The small- 
dark areas in these figures are regions where small pieces 
of metal have cracked out and spalled off, "but this spall— 
ing occiirred only for specimens tested at relatively high 
stresses. 

Por specimens tested at lower stresses the cracks 
formed were very small and could not he seen without the 
aid of a" lov/ pov/er microscope. Hence the fatigue test 
data cou.ld not be interpreted in. the usual manner "by 
plotting S— H diagrams "based on f r ac tur e of the. specimen 
and no definite indications of failure of a specimen were 
evident except for the microscopic cracking at the notch. 
Consequently it was decided to assume arbitrarily that 
cracks that could he seen, with a 40X microscope consti- 
tuted failure of a specimen. The endurance limits v/ere 
thus obtained by plotting in figure 19 the approximate 
number of cytles at which the first cracks were visible 
with the low' power microscope. The values of endurance 
limit for 25S—T determined in this manner for the two 
compressive stress cycles are listed in table Till. 

The effect of the range of stress on the endurance 
limits of the V— notch specim.ens of 25S— T alloy is illus- 
trated in- the modified G-qodman diagram of figure 20 on 
which are plotted the data of table VIII. On. this dia- 
gram the ordinates represent the minimum stress (Sjj^j^j-^) 

and the maximvim stress {^Taax"^ "^^^^ stress cycle and the 

abscissas represent the corresponding mean stress (alge- 
braic average of Sj^j^^-^ and Sj^^-^). J^or any given mean 
stress the algebraic difference between ^Tisiy: ^^cL ^min 
rei^resents the total range or double amplitude of the 
superimposed alternating stress that will cause failure 
after approximately 100 million cycles of stress. 

It v/ill be observed that as the algebraic value of 
the mean -stress in the cycle was decreased from a large 
tensile ( + ) stress to zero and thence to a compressive 
(—)■ stress, an appreciable increase occurred in the total 
alt-ernating range of stress required to cause failure. 
This is shov/n more definitely by the curve in figure 21 
in which the ordinates indicate the total a,lternating 
stress range ( Sjriax-'Sm in ) , and the abscissas re-present the 



14 



•iTACA- Teclmical ITote ITo. .914 



corresponding raean strens in each cycle. 'The data previ— 
ounly oo'tained in tests of 11—68 are also plotted in figure 
21 for direct comparison with the 25S--T alio:/. 

Considerin.g these data and the fact that no frac- 
tures occurred in the specimens tested v/ith compressive 
mean stresses at the notch, it is evident that h.oth alloys 
can v;ithstand considerably greater magnitudes of superim- 
posed alternating stresses when the mean stress is de- 
er ea,sed from a tensile to a compressive stress. 

Effect o f re-oe atod under s t r e s s in.<i:" on t h e latirzue 
strength Tv/o types of test v/ere made in the "rotating 

"beam machines to determine the effect produced on the fca— 
'tigue strength of these two aluminum alloys oy. repeated 
cycles of under str es s ing or stresses "below the endurance 
limit, These tests may he "briefly outlined as follows: 

(a) Tests in which a group of specimens v/ere suh— 
jectcd to '100 million completely reversed cycles of a 
given str.GSs helov; the normal S— il curve, and the endur- 
ance limit, of the group of specimens then determined in 
the usual "manner . This series of tests will he referred 
to as "prestress tests." 

( "b ) Tests in which a specimen was started at a stress 
somcv;hat "below the endurance limit and the magnitude of 
stress was increased by a small increment each time the 
specimen Had heen suhjocted to a definite numhcr of com- 
pletely reversed cycles of stress. The incrcmc!;nts of 
"both stress o,nd number of cycles employed in the tests 
MQTO varied somewhat, but in many, cases the stress v/as 
increased by 2000 pounds per square inch each time the 
specimen ha,d boon subjected to 100 million cycles of 
stress. These tests of individual specimens will be re- 
ferred to as the " st ep— up" t est s / 

The results of the prestress tests of 25S— T alloy 
are plotted in the S— IT diagram of figu.re 22. The indi- 
vidual plot t ed, po int s in this figure' show the final 
stress and number of ^cycles for failure of a specimen 
after being original.l^^ prestressed at stresses of 15,000, 
16,500, or 18,500 pounds per square inch. Also shown 
are the points obtained for tests of specimens without 
pr es tr ess ing; that is the open circles show points that 
were previo-cisly plotted in the lower half of figure 14 
to determine the normal S~1T curve for 25S— T. The broken 
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curves outline the scatter iDand o'otained in tests of the 
unpr estr es s ed metal, and it will he ohserv^d that prac- 
tically all of the prestress test results fall v/ithin 
this hand,' Hence, it ina.y he concluded that the pre— 
stressing employed (for 100 million cycles) had no effect 
on the fatigue strength of the 25S— T alloy, 

Pigure 23 shows .the results of the prestress tests 
of X7S.S--T in a somewhat .similar manner. In this case, 
however, the results are compared with the normal S—H 
curve for the X76S— T alloy as traced directly from the 
curve shown in the lower portion of figure IS for the un~ 
prestressed metal. Since the scatter hand for the un- 
treated X76S-T was rather narrow, the data of figure 23 
indicate that the fatigue strength of X76S~T was increased 
a small amount hy the prestressing employed. The endur- 
ance limit at 500 million cycles of stress was apparently 
increased ahout 2000 pounds per square inch hy pre- 
stressing at 20,000 poLinds per so^uare inch and was in— 
creaq-ed ahout 1000 pounds per square inch hy prestressing 
at 21,.00Q pounds per square inch. These effects are 
rather small, hut in general most of the specimens of 
X76S—II that were prestressed ran for a considerahly 
greater numher of cycles before fracture than v/ould he 
indicated hy the normal S-F curve for the unpr estr essed 
m e t al . 

She results obtained from the step— up tests of in- 
dividual specimens are shov;n in tahle IX for hoth the 
25S~T and X76S-T al-lo^^s. As may he expected these re- 
sults of fatigue tests of individual specimens showed 
considerahle scatter in the numher of cycles sustained 
hy a specimen hefore fracture. 

The data in tahle IX for the step-up tests of un-. 
n ot ched specimens of 25S— T alloy have heen plotted in 

figure 24 along with the normal S~N curve for the metal 
(which was previously shov/n in fig. 14). The open 
circles at the lovier ends of the vertical lines in figure 
24 represent the magnitudes of- stress at v/hich each speci- 
men vras first started, a.nd the increments of increase in 
stress (after each 100 million cycles) are shov/n hy the 
hars crossing these vertical lines. The points plotted 
with solid symbols indicate the maximum stress hefore 
fracture and the numher of cycles at the maximu m str ess 
required to produce fracture. The open symbols plotted 
on the right hand side represent the total num ber of 

cycles of stress resisted by the specimen during the en- 
tire t e s t . 
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It v;ill OQ o"bs'erved thc?.t the total nuLnoer of cycles 
01 strer/s sustained "by each 25S— T speciraen in the step—up 
tests vras much greater than had "been obtained fron tests 
of the normal "letal v;hen tested only at a constant stress 
having a magnitude equal to the niaxirauivi stress reached 
during the step—up tests. On the -other hand^the life of 
nearly every step— up specimen after the nai-cimum stress 
had "been reached was s omewhat • small er than had "been oh— 
tained for the normal S—ll c^irve. The fact that five of 
the specimens failed at 20,000 pounds per square inch 
vrould indicate that the- large numhe-r of cycles 'of previ- 
ous understress had damaged these specimens a slight 
amount since the metal would normally haye run a full 100 
million cycles at this stress .without' fracture.. 

Eov/ever, when the data in tahle IX for the step— up 
tests of the three not ched specimens of 25S— T.are compared 
with the S— i" curve plotted for the unpr estr essed metal in 
the lower half of figure 13, it- is found that these throe 
specimens ran for ahout-the same numher of cycles (at the 
maximum stress) as t he -anpr estr es s.e.d specimens. Hence 
the fatigue properties of the notched specimens of 25S— T 
appeared to he unaffected hy the under str'es s ing process. 

As a result o"f all the step— up tests it v/as concluded 
that in general this type of under str ess ing had no con- 
sistent effect in either raising or lov/ering the numoer 
of cycles v/hich a specim^en could v/ithstand at the maximum 
stress "before failure, By disr egar ding • the previous 
stress history and plotting only the num'oer of cycles at 
the maximum' stress, the points usually fall within the 
scatter "band for th'e "unpr estress ed metal tho^^gh there is 
a tendency for more scatter of results to "be o^btained oy 
the step— up method of test. 

^- ■ • • Discussion 0? RESULTS 



Perhaps. the most important results of the tests are 
those showing. the effects of range of stress on the en- 
durance-limits of notched specimens as presented in tahle 
VI II and in f.igure 21. • When suh.jected to a s ervi ce condi-^ 
tion such as that in an airplane . pr opeller , where "the 
fa.ce of the hlade-is often scratched or notched "by stones 
strihing the "blade, the fatigue strength of the r^etal in 
a notched condition is of primary importance. Moreover, 
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the stresses developed in a propeller "blade vaTy over a 
rather wide range depending on the service condition. 

In general, the results of the fatigue- tests with- 
notched specimens indicated that "both alloys could with- 
stand a greater al t er nat ing - str es s range v/ithout the 
fornation -of fatigue cracks when the, nean stress in the 
cycle v/as changed from a tensile to a compr es-s ive. stress. 
In addition, the fatigue cracks developed at the root 
of a- notch did not. spread rapidly- when the mean stress 
v/as compressive, and no complete fractures of the speci- 
mens .were obtained even when stresses somewhat ahove 
those required to produce cracking were repeated 100 
million times. Thus if a notched member, made of this 
metal v-rere designed to operate with the mean stress at 
the notch a compressive stress, an additional factor -of 
safety against complete fracture v/ould exist; any fatigue 
cracking at the notch could probahly he detected by peri- 
odic inspections long before, the cracking had developed 
to a -dangerous extent. 

It. is interesting: to note, that the X76S— T alloy was 
much . str onger. in static tension and had a higher flexural 
fatigue strength, as. obtained from unnotched^ specimens, 
than th.e 25S-T aluminum alloy. ^ However, the X76S-T alloy 
exhibited a fairly high natch sensitivity as indicated hy 
the reduction of fatigue and impact strengths of notched 
specimens helow thos.e of . the polished unnotched specimens. 
When the data previously, obtained f or notched X7SS-tT. .alloy 
specimens were comp.ar.ed with the values listed in tahle 
VIII, it v/as found that the alternating stress range v/hich 
could he resisted without failure v/as exactly the same for 
"both, alloys if the. mean ..stress in the range; v/as either 
sero or . a compressive stress. Kov/ever, as shov/n in figure 
21, the 25S— I alloy res'i'sted a gr eat er.- r ange of alternat- 
ing stress than did th.e XVGS-T alloy when the mean stress 
was increased in. tension.. Consequently, the 25S-T alloy 
should he. ahle to resist slightly gr eat er- v ihr at or y 
stresses in a notched propeller, olade, where the mean. ■ 
stress is a tensile stress,, than the X75S-T alloy, even 
though the latter alloy exhibited greater strength in the 
fatigue tests of unnot clied specimens. 

Another factor of interest was the change in shape 
of the S-iI curves as the range. of stress was varied. By 
comparing . the S~1T curves for the. notched specimens in 
figure 15 with those in. figures 17' and 19 it will be 



18 



HACA Techn-icni IToto ITo. 914 



ol) served that: 

(a) ?or tests vjith a compressive mean stress the 
curves are very steep and are lair.ly strai£!:ht. 

("b) Per completely reversed stress the trend" of the 
curve is somev/hat flatter and approaclies a horizontal 
asymptote after a large numher of cycles. , 

( c) As the mean stress was gradually increased in 
tension the curves "became very flat and tended to reach 
a fairly definite horizontal asymptote at a relatively 
small numher of cycles in somewhat similar manner to the 
typical 3— LI curves for steels. 

Therefore it is felt that the endurance limits listed for 
the not ched .specimens and "based on 100 million cycles of 
stress v/ould not have "been decreased ap;or ecia'bly if the 
tests had been continued to 500 million cycles of stress, 
even thou2;h the endurance limits scaled from the S—U 
curves of u nno t che d specimens of 25S-^T did shov; a pro- 
nounced, drop "between 100 and 500 million cycles of com- 
pletely reversed stress. This fact may also have direct 
application in helping to determine the useful life of 
aluminum alloys in service. Thus for notched memhers 
subjected to a tensile mean stress and subjected to vi— 
hratory stresses somev/hat below the endurance limit as 
^determined from a test run to a relatively small number 
of cycles, say 100 million, it would appear likely that 
such stresses could be repeated almost indefinit ely with- 
out failure of the mem'bers. 

A coLiparison of the endurance limits of the various 
unnotched specimens (see last column, table YIl) indicate 
there v;as little or no effect of speed of testing v/ithin 
the ran£i;e of speeds used in the tests. The ' dif f er ences 
in numer ical ■ values of the endurance limits may be ac- 
counted for by small differences in the behavior of the 
three ty- es of testing machine, and "by slight variations 
in different bars of the same metal. 

The results of the prestressing and the ste~p— up test 
of these two aluminum alloys were not conclusive in indi- 
cating that either a strengthening or a weakening effect 
was produced "by repeated cycles of stress hclov.r the en- 
durance- limits listed. The pros tress tests of X76S~T 
did indicate that a slight strengthening effect vras pro- 



NACA Technical' Hot e IT o . 914 



19 



duccd; wliereas the step— up tests of 25S^T produced a 
slight' decrease In life of unnotched specimens, and the 
other tests in general fell ahout in the normal range- 
for unpr estr es sed met.al. Hence, the results may he ac- 
cepted as evidence that no consistent or appreciahle 
change in fatigue strength v;as produced in these alloys 
"by repeated cycles of understress. Hov/ever, the large 
numoer of cycles of stress developed in under str es s ing 
each specimen during the s t ep— up tests may have. had a 
tendency to cause any microscopic defects present in a 
specimen to open up, and thus result in more scatter of 
the final test data. 

Trie fact that the fatigue strength of the anodized 
specimens v/as as great, or slightly greater, th^n that 
of untreated specimens should make this method of surface 
treatment very usefiil for aluminum alloy memhers in use 
on no.val aircraft since anodizing is also reported to 
have increased the resistance of aluminum, alloys to 
pitting produced hy sa,lt water spray, 

A photoelastic test was made to ciieck the theoreti- 
cal stress at the root of the notch in the rectangula.r 
vihratory "bending specimen shown in figure 41), . This 
test v;as made on a scale model of "bakelit^e three times 
the size of the prototype. As a result of the photoelas- 
tic stress analysis it v/as fotind that the t heor et i cal 
stress over a small area at the root of the notch v/as ap— 
pr o:r.imat ely thr ee times the nom.inal fle:airal stress cal- 
culated for this section. 

The Value of the stress concentration factor for the 
notch in the rectangular vibratory hendiri,g specimens was 
therefore 3»0 from the photoelastic analysis; whereas, 
a value of 2,40 was ootained from the fatigue tests of 

T suhjectcd to completely reversed stress. These 
numerical values give an indication of the relative notch 
sensitivity of the metal to the damaging effects of a 
H'otch, 



COilCLUSIOlTS 



As a restilt of the data ohtained in this series of 
tests the following con clus i.ons were formulated regarding 
the mechanico.l strength properties of these two aluminum 
alloys : 
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lo The static elastic and ultimate strengths aii'd 
Brinnell hardness of 25S— T alloy v/ere somewhat lower than 
the corresponding values for X76S--T alloy. 

2. The percentage elongation and reduction of area, 
and the modulus of elasticity of 253— T, were slightly 
greater than the corresponding values for S76S~T. 

3. The tensile yield strength at 0.05 percent offset 
of the X76S— T alloy was approximately 0,9 of lis ultimate 
strength a.nd v;as therefore exceptionally high as compared 
with the corresponding value of most ductile materials. 
The yield strength of 25S— T alloy v/as 0^6 of the ultimate 

4. Tension and "bending impact tests at low tempera- 
tures indicated that the percentage elongation and reduc- 
tion of area and the energy alDsorhed these two metals 
were not materially affected hy a large drop in the tem- 
perature of testing belovr room t emperatiir e . The 25S— T 
alloy exhilDited gr eat er -duct il it y and energy a'DsorlDing 
capacity and a smaller notch sensitivity in these impact 
tests than did the X76S-T alloy. 

5. In the tension impact tests of "both metals, a 7— 
notch with 0.01 inch radius at the root caused large de- 
creases in elongation in 2 inche-s, and in the energy 
required for rupture. 

5. Tests of i)olished specimens of 25S— T subjected to 
completely reversed stress cycles, on- three different type 
of testing machine and operating at speeds varying from 
1750 to 10,000 rpm , ga.ve endurance limits ranging from 
18 ,000 to 20,500 pounds per square inch at 100 million 
cycles of stress. • Eence there was no appreciable change 
in the endurance limit under these condit ions * as the 
speed of testing v/as varied from 1750 to 10,000 rpm.. 

7. The introduction of a V— notch in the test section 
decreased the fatigue strength of the 25S— T alloy for 
completely rover'sed cycles of stress to betv/een 42 and 

61 percent of the strength of unnotched specimens, de- 
pending somewhat on the shape of the member tested. 

8. Considering a range of stress to be composed of a 
steady stress and a superimposed alternating stress, it. 
was found. that as the mean or stea.dy stress at the notch 
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was decreased from a tensile ( + ) stress to a coiripressive 
(— ) stress the total range of alternating stress that 
could he resisted hy the notched specimens Qf 25S-T with- 
out cau.sing failure gradually increased froii a range of 
12,000 pounds per square inch for a t ens i l e mean stress 
•of 16,000 to a rahge" of •17,t)00^pounds per. square inch for 
conpr e s s ive mean stress of 8500 pounds per square inch. 

9. Tests of no t-ched specimens . in which the range of 
stress v/as varied indicated that for a -given numher of 
cycles the 25S— T alloy could resist a greater range of al- 
ternating stress than the X76S-T alloy when the mean 
stress in the cycle v/as a tensile stress. When the mean 
stress was a compressive stress there was practically no 
difference "between the endurance limits of notched speci- 
mens of these two alloys. 

10. Step— up and prestress tests of "both 25S— T and 
X76S--T alloys indi cat ed ;that the large numher of cycles 

of und.er str.es sing deyelo^ped* in • the previous stress history 
of the.se alloys had no appreciahle or consistent effect 
in eithcT ra,ising or lowering their endurance limits. 

11. Anodizing . the, surface of specimens of these tv/o 
all'oys produced n*o change in fatigue strength of the 
25S— 1 alloy, out produced a slight increase in the fa- 
tigue strength of the X76S-T alloy. 
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TABLE I ■ ■ , 

STATIC TSITSILS TESTS 07 25S-T ALLOY ^ 
[1/2 iru diameter ■onnotched specimens in li^. la] 



Specimen 


Yield strength 


Ultimate 
strength 

(lb/ sq in.) 
> 


Elongation 
percent in 
2 in. 




Heduc- 

tion of 

area 
percent 


Modulus 
of elas- 
. ticity 
"1000 lb 
/sq in. 


Ratio of Yield 
strength (O.O5 
percent offset) 
to tensile 
strength 


0.05 percent 
' offset 
(IId/ sq in. ) 


0,2 percent 

offset 
(ro/sq in.) 


Percent 
in 8 in. 


^ 7 




36,000 


55,100 


22.0 


13.25 


50.5 


10,U00 


0.603 




33,700 , 


36,600 


50,^00 


22.5 


12.9 


^7.1 


10,560 


.670 


T9 


34,U00 


37,U,00 


57,000 


26.0 


1^4.5 


Ug.7 


10,71+0 


'..605 






37,200 


56,700 


21^.5 






10,1+00 


.607 






T2 


3^,100 


37,100 


56,200 


26.0 




U6.S 


10,gU0 


.607 




31,S00 


■ 35,100 


5U,S00 


27.5 




52.6 


10,S8q 


. .5gO: 


Average 


33i6oo 


36,600 


55,000 


2I+.7 . 


13.55 


U9.0 


10,6U0 


:;■ .-611 






" Comparative values for X76S-T Alloy (referenee 1 


, table I) 


Average 


6^1,200 


67,200 


72,500 


19.2 


• 


1+0.6 


9,690 

, , , . 


0.887 



TABLE II • 

STATIC TEITSILE TESTS OE NOTCHED SPSCIISIS OF 25S-T ALLOY 
L Crage length 2 in. on l/2-in diain, notched specimonc^ shovm in fig. Id] 



- S-oecimen 



Yield strength, 0,05 percent offset (l^/sq in.) 
Yield strength, 0.2 percent offset (llo/ sq in.) 



N25TI 



N25T2 



Ratio: 



yield strength at root of notch 



yield strength of unnotched speciiiien 



at 0.05 percent offset 



R^Mo- yig^^ strength at root of notch percent offset 

yield strength of uimotchcd specimen 

"Ultimate strength (lo/sq in.) 

tensile strength of root of notch 



Ratio : • 



tensile strength of -annotched specimBn 
Elongation, percent in 2 in. 



Ratio: 



Ratio: 



Elo ngation of notched specimen 
Elongation of unnotched specimen 

yield strength (O.O^ percent offjset) 
tensile strength 



(notched specimens) 



53,100 

i.Ua5 

1J-+5 

70,300 
1.25 
3.50 

0.135 
.677 



U7,300 
52,600 

1.U2 

70,700 
1.26 
U.oo 

0.15I+ 
.668 



125T3 



U6,300 
5i,Uoo 

1.39 

iM 

69,300 

U,50 
0.173 

.663 



Average 



1+7,100 
52,400 

IM 
I.U3 

70,100 



1.25 1.33 



Compara- 
tive values 
for X76S-T 
alloy 

«5,10G 

92,500 

1.31 
1.37 



96,700 



U.oo 



0.15U 



.671 



1.83 



0.09 



.880 
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TABLE STATIC TORSIOIT TESTS 0? 25S-T ALLOY 

■"[Gage length 2 in. on 0.55 in. diam. specimen shovm in fig. Ic] 



Specimen 


s-6 


S-lOA 


S-lOB 


Average 


Values 
for alloy 


Yield strength, (ib/sq in.) 
0.0^ percent offset 


22 ,400 


22 ,400 


23,100 


22 ,600 


39 ,500 


0,<3U percent oifset 


25 ,8 00 


28,000 


26 , 100 


26 , 000 






Modulus of rupture 
( lt)/sq in. ) 


52,800 


52 ,300 


52,300 


52,600 


63 ,600 


Modulus of elasticity 
( 1000 lo/sq in. ) 


4,09 0 


4,19 0 


4,020 


4,100 


4,050 


Rat i 0 : 












Yield strength (0.05^ offset) 


0.423 


0.428 


0.438 


0.4G0 


0.621 


Modulus of rupture 









TA3L3 IT.- O^MSIQS IMPACT TESTS AT +gO° ? 





Spo.cir 


! 

1 

j 

icn • ; 

1 

1 


Sner^^ to .niiDtiire | 
(ft-11)) " 


-i^ab 10 01 

colmPx U to 


H'll oTi o""*^. "hi n 

2 in., pe 


n in 
r"oent 


5.n tin of* 

col-arai 7 to 


IlGducti on of 
area., percent 


■ r 

UnnotCiied ; 


ITotclied 


Unnotched-^ ! 


Ko -belied^ 




Uiinotchcd 


ITotclicd 




Unno tolled 




(I) ! 

1 


(2) i 


(3) 1 




(3) 


(6) 


(T) 


(s) 


(9) 


• o 


•_ 1- 

[ 


! 


liO 7 


1 




i 

• . i 

y * J 1 


(3) 




U2-.5 

• 


rH 
rH 

1 

CO 






31 vb 


22.7 




13.0 ! 

! 


5.0 






1 

U53 i 


^ 1:53 




20. li 




I 

■ i5.5 


5.0 
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15.0 
15.0 
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50., U 
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U2.6 


21.1 




.15.0- 


5.0 


.333 




i ■ 


13A 








■ 


' Q .0 






^i.s • 




1:53 




•■2S.0 






; 


1 




la. 6 


Allc 


13c 










• 10. 5v:-;. 






^1.5 


n 1 
1 

111 
• r — 


UI6A 
UI6B 




35.9 
37.6 


1 




.3.5 

9.0 






35.0 
.39-0 




Average 




37.2 


S.9 




9.0 


l.S 


i 
1 


39. S 



Unnotchcd specimens are those v/ithout atinipt change in section as sho\m in figure 2a. 
"Y-notch specimen as shovjn in figure 211. 
Specimen iDroke at end of gage length. 
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TA3LE v.- TSL^SIO^I IMPACT TESTS AT -1+0° I 



Specimen 


Energy to rupture 

• (ft-llD) 

■ 


Eatio of 
column h to 
column 3 

(5) 


Elongation in 
2 in/, percent 


Hatio of 
column 7 to 
column 6 

(s) 




Heduction of 
Area, percent 

Unnotched 
, '-9' 


Unnotched 

(1) 


ilotchcd 


Unnotched^ llotclicd^ 

(3) (4) 


Unnotched* 

(6) 


(7) 


o 

l— i 

EH 
1 

IQ 

•Lr\ 

C\J 


Ui+3 
U52 


H5+3 


U9.9 2h.S 
oi.h 26.5 

1+7.2 2l+.l!- 




17.0 _ 
17.0 


6.0 
6.5 




50.5 


Average 




U-9..1 25.1 




16. s 


.357 


^7-0 


o 

rH 

EH 
1 

VD 


I3D 
I3E 
131 




^-1.2 
33.6 

36. S 




9.5 . 
7.5 . 
9.0 . 






39.5 
hi .0 

39.-5 


Average 




37.2 S.2 


g.7 

t 
t 


l.S', . 







CO 



8> 
o 

> 

Pa 
o 
■ o 



■O 

• O 



^Unnotched specimens are those v/ithout aorupt change in section as shoim in figure 2a. 
"Y-notch specimen as shov/n in figure 213. 
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[DA3LE ' VI.- CHASFY' BENDIilG IMPACT -TBSTS -25S-[r ALLOY 
■CUGing T-not cli spGcin-en' . sihoV^i' In .f Igur o 2c] . ^ 



Speciraon 


Test temio . 
(°?) " 


Energy at s or bod, 
(ft-lb) 


Comparative 
values for X76S— 'I 
alloy (ft-ll)) 


12A 


70 


6 3.3 




llA 


70 


■ 22.1 




123 - 


70 


38 . 2 




IIH 


' 70 


28 . 3 

Average = 38 . 0 


^.9.1 


113 


30 


29 . 0 




12C 


30 


•51,5 , 




lie 


oO 


38,2 

Av er age - 39 . 6 


9.1 


123 


-40 


5 3.4 




llE 


-40 


35 .8 




113 


—40 


24. 1 




121 


-40 


35.5 

Average = 35.7 


12.3 


11? 


-70 


18 .8 




IIG 


-70 


20.7 




12? 


-70 

1 


27.5 

Average = 22.4 


8,8 
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TABXE Tii.- mTDHR-AFOE- ElMITS UTOOTCHED -SPSCIMENS OP 
25S-^T ALLOY VHTH ' COMPlEIELY HBVEESSD STRESS CYCLE 



T 



Machine 


Shape of . 


D'epth of 


Endurance L iait s ( 1 "o ./sq in,) 




specim en 
at test 
section 


specimen 
at test 
s ect ion 
(in.) 


f Ol- 
io"^ cj'-cles 


for 
10 cycles 


for 
5 X 10® 
cycles 


Hot at ing cant il ever 
b e am (see i g . 3a) 


r ound 


0.26 


24,000 


19 , 000 


16 ,500 


Hot at ing cant il ev er 
"b e am ( 5 e e i i g • 3b) 


round' 


.14- 


27,000 


20,500 


17 ,500 


V ibr at ory bending 
(see fig. 4a) 


rectangular 


. 25 


22,000 


18 ,000 
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TABLE VIII.-- SPPECT 


OP HAl:G-3 . OP 


STRESS an 


E2TDUEA1TGB LIMITS OE 


iiOTCHED SPECIHSITS OF 


253--^ ALLOY 


AT 100 MILLIOIT CYCLES OE STHESS* 


Typ eoi stress 
var iat ion 


Maximum 
stress 
in cycle, 
( 1 "b / s q in.) 

2 max 


'• Minimum 
stress 
in cycle , 
( l"b/sq inj 

q 

^m 1 n 


' Li e an stress 
in cycles 
( Id /sq in. ) 


Total al- 
t er nat ing 

stress 

ran^oe 
( 11) / s n in . ) 


Zero to ma::irnun in 
coinpr es s ion 


0 


-17 ,000 




-8 ,500 


17 ,000 


+ 4,000 ( ro/sq in. ) to 
maxiinuiii in .com- 
pression 


+4,000 


-12 , 000 


-4,000 


15 , 000 


Complet ely r ever s ed 


+ 7., 5 00 


- 7,500 


0 


15 ,000 


Zero to in a :: in un i n 
tension 


+ 13 ,500 


0 


+5,750 . 


13 ,500 


+ 5 ,000 {ro/2a in. ) to 
maximun in tension 


+ 18 ,000 


+5,000 


+11,500 


13 , 000 


+ 10 , 000 ( 11- /sq in. ) to 
mazimum in tension i 


+22,000 i 


+10,000 


+ 15 , 000 


12 , 000 



*Plus stresses o,re- tension; minus stresses are compression. 
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LBL3 IX.- RESULTS OP ST3P-TjP 23STS 





Stress at 


Increment 


Cycles 


Maximum. 


Cycles to 


Total 


Speci- 


s t ar t 


of s t r e s s • 


a-t • each 


str ess 


fracture 


O'f 


men 


( Ib/sq in. ) 


( l"b/sq_ in . ) 


stress 


. "bef or e 


at maxi- 


cycler. 








(millions) 


f ailur e 


mum 


run 










(llD/sq in.) 


stress 


(mil- 






■ 






(millions) 


lions. 



>— ! alloy, unnotched 0,14 



m , aiam, specimens 



T63 


10,000' 


2000 


[ 


100 


■ 22,000 


. . . 
72.8 


. . 

■■ 5-84 


123 


•14,000 • 


. 2000 




100 


20 , 000 


9 4.0 j 


.■4:05 


T43 


is, 000 


2000 




100 


23 ,000 


18.5 


420 


T53 


16,000 


2000 




100 


20,000 


92.0 


.23,2 


T43 


16 ,000 


2000 




100 


20 , 000 


41.9 


.?75 


lOD 


16,000 


1000 




100 


20,000 


8.9 


434 


T6C 


17 ,000 


1000 




100 


.20-, 000 


48.8 


360 . 




. ■ I?5S— 2 s^iloy, notch.e< 


1 0 


.30 in. dian. specimens 





ExT9 


4,000 


2000 




100 


12,000 


1.4 


409 


31' 11 


.■.■5,000 . . 


■ 2000 




100 


: 11,000 "" 


31.6 


547 


RUIO 


7 ,000 


lOOO 




100 


14,000 


0.9 


7 53 




lloy, unnotchod 


0.14 in. diam. s-pocimenG 




373 


13,000 


2000 




■ 

100 


■ 

24,000 


25.7 


353 


E7A 


20,000 


1000 




100 


26 , 000 


24.7 


5 43 


RSA 


21 ,000 


1000 




100 


25 , 000 


64.3 


49 5 




S76S-S a 


lloy, notched 0 


.30 in. 


dian. specimens 




S681T11 


. ...-^ 

8 ,000 


1000 




100 


11 ,000 


82.8 ' 


389 


H38:T9 


8 ,000 


1000 




50 


10,000 


6.0 


115 


E68II3 


4,000 


1000 




10 


11 ,000 


3.4 


101 



FIG. I SPECIMENS FOR STATIC TESTS 
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(a) Static tension - unnotched 
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(b) Stolic tension - notched 
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(c) Static torsion 
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FIG. 2 SPECIMENS FOR IMPACT TESTS 
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(a) Tensile impact - unnotched 
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(b) Tensile impact - notched 
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(c) Charpy impact bending 
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FIG. 3 SPECIMENS FOR ROTATING 
FATIGUE MACHINES 
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(a) Unnotched specimen 
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(b) Small, unnotched specimen 
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(c) Notched specimen 



FIG. 4 SPECIMENS FOR 

FLEXURE FATIGUE MACHINES 
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(a) Rectangular, unnotched specimen 
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(b) Rectangular, notched specimen 
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KACA Technical Note No. 914 



figs. 5,6,7 




Figure 5.— Krouee rotating beam fatigue testing machine. 




Figure 6.- Small high speed fatigue testing macnine. 




Figure 7.- Krouse flat plate fatigue testing machine. 



FIG. 8 

STATIC TENSILE TESTS — 25S-T ALLOY 

LOWER PORTIONS OF STRESS- STRAIN DIAGRAMS 



SPECIMENS; 8 IN. GAGE LENGTH; 1/2 IN. DIAMETER; UNNOTCHED 



0 a2 0.4 0.6 0 0.2 0.4 0.6 

(1 block = 10 divisions on 1/30 Engr. scale) UNIT STRAIN - PER CENT 
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NACA Technical Note No. 914 Fig. 9 

FIG. 9 STATIC TENSILE TEST-25 ST ALLOY 



SPECIMEN NO. 25 -T I 
2 IN. GAGE LENGTH .5035 IN. DIAM. 



60 




0 2 4 6 8 10 12 14 16 18 20 22 24 

UNIT STRAIN IN PERCENT 



FIG. 10 

STATIC TENSILE TESTS OF NOTCHED SPECIMENS 

OF 25S-T ALLOY 

LOWER PORTIONS OF STRESS-STRAIN DIAGRAMS 
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FIG. II 

STATIC TORSION TESTS— 25S-T ALLOY 

SPECIMENS: 2 IN. GAGE LENGTH; 0.56 IN. DIAMETER 



(1 block =-10/30") 
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FIG. \Z 

RESULTS OF TENSION AND BENDING IMPACT TESTS 
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Notched Specimen 
in Tension 



Unnotched Specimen 
in Tension 



Chorpy Specimen 
in Bending 



TESTS AT ROOM TEMP. 

0 to 20 30 40 50 
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TESTS AT -40 F. 

0 10 20 30 40 50 
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ELONGATION % IN Z \H. 
(Unnotched Tensile Specimen) 
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REDUCTION OF AREA % 

(Unnotched Tensile Specimen) 
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FIG. 14 

ROTATING BEAM FATIGUE TESTS 
OF 25S-T ALLOY 

Using Smoll High-Speed Machines At 10,000 rpm 




FIG. 15 

VIBRATORY BENDING FATIGUE TESTS 
OF 25S - T ALLOY 

Completely Reversed Stress Cycle 
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0— Indicates specimen did not fail 
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CYCLES FOR FRACTURE, N 
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FIG. 16 

ROTATING BEAM FATIGUE TESTS 
OF X76S-T ALLOY 

Using Small High-Speed Machines At 10,000 RPM 



28 
26 
24 

22 
20 




CYCLES FOR FRACTURE, N 

—vindicates specimen did not fail 



FIG. 17 

VIBRATORY BENDING FATIGUE TESTS 
OF NOTCHED SPECIMENS 

SpecinDens of type shown In Fig. 4b. 

25S-T ALLOY 
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stress Range - 10,000 tension to max. tension 



































































































































































Stress Range - 5000 tension to max. tension 
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Stress Range - zero to max. tension 
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Indicotes specimen did not fail 
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CYCLES FOR FRACTURE, N 
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Fig. 18 




(a) After 18 million cycles of stress; range from +4000 to 
-16000 Ib/sq in. 




(b) After 36 million cycles of stress; range from +4000 to 
-14000 Ib/sq in. 




(o) After 64 million cycles of stress 5 range from 0 to 
-17500 Ib/sq in. 

Figure 18,- Cracks formed at root of notcti in specimens of 
25S-T alloy tested in compressive stress cycles. 



FIG. 19 

VIBRATORY BENDING FATIGUE TESTS 
OF NOTCHED SPECIMENS 
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Specimens of type shown in Fig. 4b. 
25S-T ALLOY 




Strass Range- 4000 ps i tension to max. compression 
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CYCLES FOR FAILURE, N 



^ indicates specimen did not fail 




FIG. 2 1 

EFFECT OF MEAN STRESS ON MAX. 
SAFE ALTERNATING STRESS RANGE FOR 100 
MILLION CYCLES. 
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Alternating Stress Range in lOOC 
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Mean Stress in Cycle in lOOO's Ib/in.^ 

Legend- 

• 25S-T ALLOY 
0-OX76S-T ALLOY 



FIG. 22 

EFFECT OF PRESTRESSING ON FATIGUE 
STRENGTH OF 25S-T ALLOY 
Specimen 3-b tested in 
Smell High-Speed Machines At 10,000 RPM 
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CYCLES FOR FRACTURE, N 



Ltqend 

■ Specimens prettrested at (5,000 psi. for 100 million cycles before testing 
□ Specimens prestresscd at 16,500 p s i. for I00 million cycles before testing 
• Specimens prestressed cl 18,500 psi. for 100 million cycles before teifina *^ 
O Test of 25S-T without prestressing 
Scotter band for 255 -T with no prestressing 03 



CO 



FIG. 23 

EFFECT OF PRESTRESSING ON FATIGUE 
STRENGTH OF X76S-T ALLOY 

Specimen 3b tested in 
Small High-Speed Machines At 10,000 R P M 




CYCLES FOR FRACTURE, N 

Legend : 

■ Sptcimens prattrtssed at 19,000 p s i for IQO tnilllon tyclet befort testing 

O Specimens pre$tre»sed at 21,000 ps i for 100 million cycles Defore testing 

• Specimens prettrested ot 20,000 p » i for lOO million cycles before testing 

Normal S'N curve for X76S-T Alloy^ taken from ficjur© 16. 

— ► Indicates specimen did not foil 
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